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ABSTRACT

Radiation data obtained fi'om TIROS Ili have been analyzed, sepaiately for day and for night, for the
period July through September 1961.The global distrilmtion of the average effective temperatures meas-
ured by the 8-12/, channel of the satellite radiometer shows a close correlation with the cloud cover data.

An estimate of the latitudinal distribution of cloud heights has been obtained using the TIROS radiation
data for daytime and the distribution of cloud cover recently obtained fi'om the TIROS photographs.
Combining these values of the cloud heights with the nighttime radiation data determiues the latitudinal
distribution of nighttilne cloud cover.

The results indicate that in the Southern Hemisphere the percentage cloudiness at night is considerably
higher than in the day, while in the case of the Northmn Hemisphere the cloudiness appears to decrease at
night.

¢

1. Introduction however, varies oonsiderably with wavelength between

In a recent paper, Arking (1964) has derived the 4 and 50 st, where almost all the energy of the terrestrial
radiation is confined. In the 8-12 _zspectral interval the

global distribution of cloud cover by the analysis of absorption by water vapor and also by CO_, the other
TIROS III video pictures. In Fig. 7 (Curve 1) is plotted important absorber of the infrared radiation, is at its
the latitudinal distribution of average daylime percent- nainimuna. Consequently, i_z the absence of clo,tds,
age cloud cover as obtained by Arking for the period Channel 2 of the satellite radiometer, measurfilg in this

_. of 12 July through 10 September 1961.
In the present study we attempt, using these data atmospheric "window," record: energy originating fi'om

and the simultaneous radiation n]easurenaents by very near the ground cor,'esponding to an effective
T1ROS III, to derive the average latitudinal distribu- temperature only --4-10 deg K less than the ground
tion of cloud lop heighls and thence the nighlli'me cloud temperature (Wark, Yamamoto and Lienesch, 1962;
cover. Curve 2 in Fig. 7 shows the resulting percentage Prabhakara and Rasool, 1963).
cloud cover during the night as a function of latitude. Reasonably thick clouds, however, are practically

opaque to infrared radiation of wavelengths >4/,

2. TIROS infrared data (Shiffrin, 1961). As there is very little water vapor above
the clouds, and if we may assume that the albedo of the

The radiation instrumentation in TIROS and the clouds in the fat" infrared is negligible, the radiometer
physical significance of this experiment have already in lhe presence of lhlck clouds will record energy corre-
been described by several attthors (Bandeen el aL, 1961; sponding to the cloud top temperature. This may be as
Nordberg el al., 1962). Three of the five channels of the much as 40-50 deg K lower than the surface temperature.
TIROS radiometer measure terrestrial radiation in the If, therefore, for any given instant, both the TIROS
fat" infrared corresponding to wavelength intervals of measured temperatures in this "window" channel and
5.8-6.5 g, 8-12/_, and 7-30/_. The other two chalmels the actual surface temperatures are available, a knowl-
record the solar radiation in the visible, as,reflected by edge of the temperature lapse rate in the atmosphere
the earth, to obtain an estimate of the albedo of any will enable one to obtain a quick estimate of cloud top
region. The wavelengths of the infrared channels have height. On the other hand, on a climatological basis, if
been chosen so as to provide information on the ten,- the satellite-measured temperatures for a given region
perature at different levels of the atmosphere and to are averaged over a season, then the departure of this
give an estimate of the total otttgoing radiation in tim temperature from the mean ground temperature will
infrared. In this discussion we shall only be concerned be nminly dependent on three variables--cloud amount,
with Channel 2, sensitive iu the 8-12 _ region of the cloud height, and water vapor distribution in the atmos-
infrared, phere. As mentioned earlier, tile effect of water vapor is

The main absorber of infrared radiation in the earth's comparatively small, and from our knowledge of
atmosphere is water vapor. The absorption coefficient, climatological distribution of the water vapor over the
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r Fie. 1. Global distribution of average temperatures measured hv TIROS radiometer Channel 2 for tile period 12July
through 10September 1961.Darkest shade, T>295K, lightest shade, T<255K.

globe, its effect oil the temperatures measured by the America and Southern Siberia, haw ..een left blank
satellite can be accounted for. because of tile unavailability of tile telemetry from tile

The strong effect of clouds on the TIROS III meas- TIROS for these regions.
ured temperatures in the "windmv" channel is demon- Several interesting features are revealed by examining
strated by Fig. 1. hi this figure are plotted the regional this figure, l) Tile relatively cold temperature belt near
and tenlporal averages of the temperatures measured the equator corresponds to the high cloudiness usually
by Ch,mnel 2 of TIROS III during daytime (0600-1800 observed in the equatorial region. 2) The subtropical
hours Local Time) for tile period of July 12 through belt in each of the hemispheres show relatively higher
10 September 1961. Measurements for the polar regions tenlperatares and, therefore, probably' fewer clouds than
are not available because the inclination of the orbit in the equatorial regions. 3) Extremely low tenlpera-
was only about 48°. The surface of the earth between tures measm'ed over East Pakistan and hldia imply a
50N and 50S has been divided into a 10 deg latitude by heavy cloud cover over these regions which is, in all
10 deg longitude grid, and all measurements taken by probability, the monsoon activity of this season. An
tile satellite in each grid at nadi: angle < 25 deg, between ahnost quasipennanent cloud cover over central Africa
local time 0600 and 1800, have been averaged for this is also indicated from this diagram.
period, hi most cases there are more than 500 observa- These conclusions are supported by comparing Fig. 1
tion points pel: grid. The observations were corrected with Fig. 2 in which is plotted tile global distribution

. for the instrumental degradation (Bandeen, private of cloud cover, also in a 10X 10 degree grid, taken from
communication), the climatological estimates of Haurwitz and Austin

Tile very dark shades correspond to high radiation (19441. In Fig. 2, the darkest shades correspond to 20
i,ltensities with effective temperatures ranging above per cent cloudiness and the lightest to 70 per cent
2g0K. The lightest shades correspond to temperatures cloudiness. The ag:eement in the main features of the
of the order of 240K. The two triangular areas, which are two figures is striking, except that the TIROS III

diagonally opposite and comm'ise a part of South measured extremely !,.igh temperatures over the South
{.•. :_-.;-, _ t , ;_;)' :; .; ._
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Fro. 2. Oloba distribution of average cloud covet' for July (after Hamwitz and Austin, 1944). Darkest shade--
cloud covet' <20 per cent, lightest shade--cloud covet' > 70per cent.

Pacific, indicating a relatively clear area which is l_ot tudinal belts between 50N and 50S for the nlonths of

noticeable in Fig. 2, undoubtedly due to lack of observa- July and August.
tional data in this region. Tile radiation flux in the 8-12 Iz region, which would

be emitted fronl such atnlospheres, was then calculated

3, Deduction of cloud heights and cloud cover following a method described in an earlier paper
(Prabhakara and Rasool, 1963). "File flux values thus

Although it is interesting to note the resemblance calculated give the equivalent black body temperatures
between Figs. 1 and 2, the actual derivation of cloud TIROS will observe above these atmospheres 2,f lhe
amounts from tile TIROS radiation data is fairly in- almosphere were complelely cloudless. Similar calculations
volved. As mentioned earlier, several factors, viz., cloud were then repeated assuming the presence of thick
amount, cloud height, surface tenlperature, vertical clouds at various altitudes and of varying proportions.
distribution of water vapor and of tenlperature, in- It is assumed t..".at the clouds are completely opaque to
fluen.oe tile 'effective' temperatures measured by the the far infrared and the radiation is emitted only from
satellit o. By the method described below we have, how- the top of the clouds.
ever, attempted to separate the effect of these param- In Figs. 3 and 4 the results obtained for two such
eters in order to obtain a reasonable estimate of cloud model atmospheres are shown. The family of five curves
height from TIROS radiation data. shows the difference (AT) between the surface tenlpera-

Using tile climatological estimates of tile global dis- ture and the effective black body temperature observed
tribution of surface temperature (Haurwitz and Austin, by tile satellite in the presence of different amounts of
1944), the latitudinal variations in the verticaldistribu- clouds located at altitudes of 2, 3, 4, 5, or 6 kin. Tile
tion of tenaperature (Davis, 1962, London, 1957), the interscction point of these curves with the ordinate in
total amounts of water vapor and ozone and their Fig, 3 is at 11.5 deg. This indicates that in a hot and
vertical distributions, we lmve constructed ten different humid atnlosphere, even in complete absence of clouds,
model atnlospheres which correspond to the ten lati- the satellite would observe an effective temperature
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FIG. 3. A7' as a function of percentage cloud cove='with cloud
tops at various altitudes. AT is the difference between the average FIe, 4. Same as Fig. 3--a case of cold ar_ddry atmosphere.
surface temperatu,'e ond the equivalent black body temperature
measured by the TIROS III, Channel 2.A case of hot and humid
at,nosphere. August 1961, we calculate the following parameters for

each 10-deg latitudinal belt between 50N and 50S.
, , , , , , , , , . The satellite-observed temperatures in tile "window"

25 July - September 1961-{ channel are averaged separately for day and for night
+_. (Ts-T.,.) _', LotHude

:_,4 i-/_-¢:_i- for the period 12 July through 10 September 1961.
2o "_.... ... .//"_ -+,,._ Tile latitudinal means of day and night surface tern-

"/ ,,"+",.N_..._sLu_.L.ot peratures for the same period were determined from the

,_ m Monlhly Climatic Dala of /he World (U. S. Weather

'_ =o _ _.... +."Z-- Bureau); supplenaenting these data were climatological
estimates of Haurwitz and Austin (1944) for the oceanic ¢

5 regions.
The difference (AT) between tile mean surface tem-

o .., _ , _ _ _ , p v _ T peratures and the average effective temperatures meas-
50 40 50 20 I0 0 I0 20 30 40 50 ured by the TIROS cham_el 2 in each latitudinal belt isSouth North

plotted in Fig. 5 separately for clay and for night.
Fio. 5. aT as a function of latitude--for day and for night. Latitudinal averages of daytime percentage cloud

cover for the same period given by Arking are shown
about 12 deg lower than the surface temperature. Iu in Fig. 7 (Curve 1).
Fig. 4 is shown another extreme case, this time of a dry Now with both the ,_T and percentage cloud cover
and cold atmosphere where the &T, in the absence of being known for daytime, we can use our nomograms
clouds, is only 3.5 deg. (e.g., Figs. 3 and 4) to determine tile average daytime

If, therefore, for any given region, one has an estimate cloud height for each latitudinal belt. The heights thus
of surface temperature, of the amount of water vapor in deduced are plotted as a function of latitude in I"ig. 6.
the atmosphere and of the percentage cloud cover, then If we assume that, on an average, cloud heights derived
with such a family of curves, co,nbined with the TIROS fl'om the daytime measurements are also valid for the

¢{ _ ,1
radiation data of tile _inclow channel, one can derive night, we can now use the z_" values for the night
an approximate value for the effective height of tile (Fig. 5) and the heights plotted in Fig. 6 to determine
cloud tops. the nighttime cloud cover as a ftmction of latitude.

In order to determine the latitudinal distribution of The resulting latitudinal distribution of the nighttime
the effective cloud heights for the months of July and cloud covet' is plotted as Curve 2 in Fig. 7.
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' '.... ' ...... These results are based on the debatable assumption
7 July 12- Sepl _0. 196r that, on an average, for a given latitudinal belt the

Effect,re mood Heights V, Lot,rude cloud-top heights do not change fi'om day to night. In6

_-_ case this assumption is not correct, otlr results would

5 then indicate that, in order to have the same amount

_ of cloudiness for both day and night, the cloud heightsin the Southern Hemisphere should be 2 to 4 km higher
at night than in the daytime, and lower by 1 to .3krn in
the Northern Hemisphere.

Simihu" analysis of the TIROS radiation data can also
be made to determine the longitudinal as well as lati-
tudinal distribution of nighttime cloud cover, but it

I _ I 1 i I i f I

5o 4o ao ao io o Io ao ao 4o 5o requires more detailed information on the global dis-
So,,h North tribution of surface temperatures, water vapor, and

variations in the emissivities of land areas (Beuttner
l.'io. 6. Effective cloud top heights deduced fl'om the daytime and Kern, 196.3).obserwttion of TIROS III as a function of latitude.
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